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@ Catalysts, method of preparing these catalysts, and polymerization processes wherein these catalysts are uaed. 

of boron atoms capable of stabilizing tiie zirconium cation 
formally tiaving a coordination number of 3 and a valence of + 4 
which Is formed as a' result of the combination, said second 



(g) A catalyst Is prepared by combining a bls(cyclopentBdle- 
nyl)zirconlum connpound which may be represented by one of 
the following general formulae: 

(A-Cp)MXi)(2 

(A-Cp)MX'iX'2 

(A>Cp)ML; and 

(Cp-)(CpR)MXi 
Wherein: 

M is a metal selected from the Group conslstfaig of titanium (Ti). 
zirconium (Zr) and hafnium (Hf): (A-Cp) is either (Cp)(Cp') or 
Cp-A'-Cp* and Cp and Cp* are the same or different 
substituted or unsubstituted cydopentadlenyl radicals; A' Is a 
covalent bridging group containing a Group IV-A element; L is 
an olefin, diolefin or aryne ligarKl; Xi and X2 are. Independently, 
selected from the Group consisting of hydride radicals, 
hydrocarbyt radicals, substituted-hydrocarbyt radicals, organo- 
metalloid radicals and the like; X'l and X'2 are Joined and bound 
to the metal atom to form a metaDacyde, In which the metal, X'l 
and X'2 fonn a hydrocarbocycllc ring having from about 3 to 
about 20 carbon atoms; and R is a substltuent on one of the 
cyclopentadienyl radicals which is also bound to the metal 
atom. 

with a second compound comprising a cation capable of 
donating a proton and a bulky, labile ar^on comprising a plurality 



compound leaving one of the following general formulae: 

lL'.H]I(CX).(BX')„X"bl«- 
Wherein: 

L'-H Is either H^. ammonium or a subsHtuted-funmonlum 
radical having up to 3 hydrogen atoms replaced with a 
hydrocarbyl or suk>stituted-hydrocart3yl radical, a phosphonlum 
or substttuted-phosphonium radical having up to 3 hydrogen 
atoms replaced with a hydrocarbyl or substituted-hydrocarbyl 
radical and the like; B and C are. respectively, boron and 
cartK>n; X X' and X'' are radicals selected. Independently, front 
the Group consisting of hydride radicals, halkJe radicals, 
hydrocartryt or substituted>hydrocari>yl radicals, organo-metal- 
loid radicals and the like; a and b are Integers ^ 0; c is an 
Integer &1;a+B + c = an even-numbered Integer from 2 to 
about 8, aiKi m is an integer ranging from 5 to about 22. 

[L'-Hmi(CX3)..(BX4)m-(X6)b'3C-)2Mn+]tf- 
Wherein: 

L'-H is either H-*^, ammonium or a substttuted-emmonlum 
radtoal having up to 3 hydrogen atoms replaced with a 
hydrocart>yl or substltuted-hydrocartjyl radical, a phosphof^m 
or substltuted-phosphonium radical having up to 3 hydrogen 
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atoms replaced with a hydrocarbyf or substituted-hydrocarbyl 
radical and the like; B, C. M and H are, respectively, boron, 
carbon, a transition metai and hydrogen; X3* X4 and X5 are 
radicals selected, independently, from the Group consisting of 
hydride radicals, halide radicals, hydrocarbyl or substituted-hy- 
drocarbyl radicals, organo-metallold radicals and the like; a' and 
b' are the same or a different Integer ^ 0; c' is an integer ^ 2; 
a' + b' + c' « an even-numbered integer from 4 to about 8; m' 
is an integer from 6 to about 12; n is an integer such that 20*- 
n = d* and d is an Integer ^ 1. 

Many of the catalysts thus formed are stable and'isolable and 
may l>e recovered and stored. The catalysts may t>e preformed 
and then used to polymerize olefins or the catalysts may be 
formed In sftu during polymerization by adding the separate 
components to the polymerization reaction. The catalysts wQI 
be formed when the two components are combined at a 
temperature within the range from about -100° C to at>out 
300*0. The catalysts thus prepared afford better control of 
polymer molecular weight and are not subject to equilibrium 
reversal. The catalysts thus produced are also less pyrophoric 
than the more conventional Zlegler-Natta olefin polymerizatk>n 
catalysts. 



0 277 003 



Description 

CATALYSTS, METHOD OF PREPARING THESE CATALYSTS. AND POLYMERIZATION PROCESSES 

WHEREIN THESE CATALYSTS ARE USED 

This is a Continuatlon-in-Part of U.S. Patent Application Serial No. 011 ,471 » filed January 30. 1987. 

5 

BACKGROUND OF THE INVENTION 

This invention relates to compositions of matter useful as catalysts, to a method for preparing these 
catalysts, to a process wherein these compositions of matter are used as catalysts and to polymeric products 
produced with these catalysts. More particularly, this invention relates to catalyst compositions, to a method of 

10 making said catalyst compositions, to a method for polymerizing olefins, dioiefins and/or acetylenlcally 
unsaturated monomers wherein these catalysts compositions are used, and to polymeric products produced 
with these catalyst compositions. 

The use of soluble Ziegler-Natta type catalysts in the polymerization of olefins is, of course, well known in the 
prior art. In general, these soluble systems comprise a Group IV-B metal compound and a metal aikyi 

15 cocatatyst, particularly an aluminum alkyi cocatalyst. A subgenus of these catalysts is that subgenus 
comprising a bis(cyclopentadienyi) compound of the Group IV-B metals, particularly titanium, and an 
aluminum alkyI cocatalyst. While speculation remains concerning the actual structure of the active catalyst 
species in the subgenus of soluble Ziegler-Natta type olefin polymerization catalysts, It would appear generally 
accepted that the active catalyst species is an ion or a decomposition product thereof which will alkylate an 

20 olefin in the presence of a labile stabilizing anion. This theory may have first been advocated by Brestow and 
Newburg, and Long and Breslow. as indicated in their respective articles appearing in J. Am. Chem. Soc.. 1959, 
Vol. 81, pp. 81-86, and J. Am. Chem. Soc, 1960, Vol. 82, pp. 1953-1957. As indicated in these articles, various 
studies suggested that the active catalyst species is a titanium-alkyi complex or a species derived thierefrom 
when a titanium compound; viz., bis(cyclopentadienyl)titanium dlhalide. and an aluminum alkyl are used as a 

25 catalyst or catalyst precursor. The presence of ions, all being in equilibrium, when a titanium compound is used 
was also suggested by Dyachkovskli. Vysokomol. Soyed., 1965, Vol. 7, pp. 114-115 and by Dyachkovskli, 
Shilova and Shik>v, J. Polyrn. Sol., Part C, 1967. pp. 2333-2339. That the active catalyst species is a cation 
complex when a titanium compound is used, was further suggested by Eisch et al., J. Am. Chem. Soc. 1985, 
Vol. 107, pp. 7219-7221. 

30 While the foregoing articles teach or suggesi that the active catalyst species is an ion pair and, particularly 
an ton pair wherein the metal component Is present as a cation or a decomposition product thereof, and while 
these references teach or suggest coordination chemistry to form such acth^e catalyst species, all of the 
articles tea^ch the use of a cocatalyst comprising a Lewis acid either to form or to stabilize the active ionic 
catalyst species. The active cata^st is, apparently, formed through a Lewis acld-Lewls base reaction of two 

35 neutral components (the metallocene and the aluminum alkyl), leading to an equilibrium between a neutral, 
apparently Inactive, adduct and an ion pair, presumably the acth/e catalyst. As a result of this equillbrfum, there 
is a competition for the anion whk^ must be present to stabilize the active cation catalyst species. This 
equilibrium is, of course, reversible and such reversal will deacth/ate the catalyst. Moreover, the catalyst 
systems heretofore contemplated are subject to poisoning by the presence of basic Impurities In the system. 

40 Further, many, if not all, of the Lewis acids heretofore contemplated for use in soluble Ziegler-Natta type 
catalyst systems are chain transfer agents and, as a result, prevent effective control of the product polymer 
molecular weight and product molecular weight distn'button. Still further, most, if not all, of the cocatalysts 
heretofore contemplated are highly pyrophoric and. as a result, somewhat hazardous to use. 
The aforementioned catalyst systems have not. generally, been particularly active when zirconium or 

45 hafnium is the Group iV-B metal used. Recently, however, It has been found that active Ziegler-Natta type 
catalysts can be fonmed when bls(cyck>pentadienyl)hafnium and bls(cyclopentadienyl)zlrconium compounds 
are used With alumoxanes. As Is well known, these systems offer several distinct advantages. Including vastly 
highier catalytic activities than the aforementk>ned bis (cyck>pentadienyl)titanium catalysts and the production 
of polymers v\^h nan'ower molecular weight distributions than those from conventional Ziegler-Natta catalysts. 

SO These systems renrtain subject to poisoning when basic Impurities are present and do, however, require an 
undesirable excess of the alumoxane to function efficiently. Moreover, the hafnium containing systems are not 
as active as the zirconium containing systems, at least when used for homopolymerizatlon. This has been 
suggested by Giannetti, Nicoietti, and Mazzocchi. J. Polym. Sci., Polym. Chem., 1985, Vol. 23. pp. 2117-2133. 
who claimed that the ethylene polymerization rates of bis(cyciopentadienyl) hafnium compounds were five to 

55 ten times slower than those of similar bis(cyclopentadienyl)zirconlum compounds while there was little 
difference between the two catalysts in the moiecular weight of the polyethylene formed from them. 

In light of the several deficiencies of the coordination catalyst systems heretofore contemplated, the need 
for an improved coordination system which: (1) permits better control of molecular weight and molecular 
weight distribution; (2) Is not subject to activation equilibrium; and (3) does not involve the use of an 

eo uridesirable cocatalysts is believed readily apparent. 
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SUMMARY OF THE iNVENTION 

It has now been discovered that the foregoing and other disadvantages of the prior art ionic olefin 
potymerization catalysts can be avoided, or at least reduced, with the Ionic catalysts of the present invention 
and an improved olefin, diolefin and/or acetytenicatly unsaturated monomer polymerization process provided 
therewith. It is, therefore, an object of this invention to provide improved ionic catalyst systems useful in the 
polymerization of olefins, diolefins and acetylenlcally unsaturated monomers. It is another object of this 
invention to provide a method for preparing such improved catalysts. It is a further object of this invention to 
provide an improved polymerization process using such improved catalysts. It is still another object of this 
invention to provide such an improved catalyst which is not subject to ion equilibrium reversal. It is s- ill a 
further object of this invention to provide such an improved cata^st which may permit better control of the " 
product polymer molecule weight and molecular weight distn'bution. It is yet a further object of this invention to 
provide such an improyed catalyst which may be used v^nth less risk of fire. It fs even another object of this 
Invention to provide polymeric products produced with these improved catalysts having relatively narrow 
molecular weight distributions and which are free of certain metal impurities. The foregoing and still other 
objects and advantages of the present invention vM become apparent from the description set forth 
hereinafter and the 'examples included herein. 

In accordance with the present Im^ention. the foregoing and other objects and advantages are 
accomplished with and by using a catalyst prepared by combining at least two components, the first of which 
Is a soluble, bis(cyclopentadienyl)-substituted Group IV-B metal compound containing at least one ligand 
which will combine with a Lewis or Bronsted acid thereby yielding a Group iV-B metal cation and the second of 
which compounds comprises a cation capable of donating a proton and reacting irreversibly with said ligand in 
said Group IV-B metal compound to liberate a free, neutral by-product and a compatible noncoordinating 
anion comprising a plurality of boron atoms, which compatible noncoordinating anion is stable, bulky and 
labile. The soluble Group IV-B metal compound must be capable of forming a cation formally iiaving a 
coordination number of 3 and a valence of +4 when said ligand is Gberated therefrom. The anion of the second 
compound must be capable of stabilizing the Group IV*B metal cation complex without interfering with the 
Group IV-6 metal cation's or its decomposition produces abDity to function as a catalyst and must be 
sufficiently labile to permit displacement by an olefin, a diolefin or an acetylenically unsaturated monomer 
during polymerization. For example. Bochmann and Wilson have reported (J. Ghem. Soc. Chem. Comm... 
1986, pp. 1610-1611) that bis(cyclopentadieny))-titanium dimethyl reacts with tetrafluoroboric acid to form 
bis(cyclopentadienyI)titanium methyl tetrafluoroborate. The anion is. however, InsufTiciently labile to be 
displaced by ethylene. 

DETAILED DESCRIPTIGN OF THE INVENTION 

As indicated supra, the present invention relates to catalysts, to a method for preparing such catalysts, to a 
method of using such catalysts and to polymeric products produced with such catalysts. The catalysts are 
particulariy useful in the polymerization of a-olefins, diolefins and acetylenically unsaturated monomers. The 
improved catalysti^ are prepared by combining at least one first compound which is a bis(cyclopentadienyl} 
derivative of a metal of Group IV-EI of the Periodic Table of the Elements capable of forming a cation formally 
having a coordination number of 3 and a valence of +4 and at least one second compound comprising a 
cation capable of donating a proton and a compatible noncoordinating anion comprising a plurality of boron 
atoms, which anion is both bulky and labile, and capable of stabilizing the. Group IV-B metal cation without 
interfering with said Group IV-B metal cation's or its decomposition product's ability to polymerize a-olefins, 
diolefins and/or acetylenically unsaturated monomers. 

All reference to the Periodic Table of the Elements herein shall refer to the Periodic Table of the Elements, as 
published and copyrighted by ORG Press. Inc.. 1984. Also, any reference to a Group or Groups of such 
Periodic Table of the Elements shall be to the Group or Groups as reflected in this Periodic Table of the 
Elements. 

As used herein, the recitation "compatible noncoordinating anion" means an anion which either does not 
coordinate to said cation or which is only weakly coordinated to said cation thereby remaining sufficiently labile 
to be displaced by a neutral Lewns t>ase. The recitation "connipatible noncoordinating anion" specifically refers 
to an anion which when functioning as a stabilizing anion in the catalyst system of this Invention does not 
transfer an anionic substituent or fragment thereof to said cation thereby forming a neutral four coordinate 
metallocene and a neutral boron by-product. Compatible anions are those which are not degraded to neutrality 
when the initially formed complex decomposes. 

The Groups IV-B metal compounds, and particulariy titanium, zirconlum and hafnium compounds, useful as 
first compounds in the improved catalyst of this invention are bis(cyclopentadienyl) derivatWes of titanium, 
zirconium and hafnium. In general, useful titanium, zirconium and hafnium compounds may be represented by 
the following general formulae: 

1. (A-Cp)MXiX2 3. (A-Cp)ML 

2. (A-Cp)Mj(^'2 4. (Cp*)(Cpl[)MXi 
wherein: 

M is a metal selected from the Group consisting of titanium (Ti), zirconium (Zr) and hafnium (Hf); (A-Cp) is 
either (Gp)(Cp*) or Cp-A'-Cp* and Cp and Cp* are the same or different substituted or unsubstituted 
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cyclopentadienyl radicaJs. wherein A' Is a covalent bridging group containing a Group IV-A element; L Is an 
olefin, dioieftn or aryne ligand; Xi and X2 are. independently^ selected from the Group consisting of hydride 
radicals, hydrocarbyl radicals having from 1 to about 20 carbon atoms, substttuted-hydrocarbyl radicals, • 
wherein 1 or more of the hydrogen atoms are replaced with a halogen atom, having from 1 to about 20 cartoon 
atoms, organo-metallold radicals comprising a Group IV-A element wherein each of the hydrocarbyl 
substttuents contained In the organo portion of said organo-metallold » independently, contain from 1 to at>out 
20 carbon atoms and the like; X'l and X'2 are Joined and bound to the metal atom to form a metallacycle, hi 
which the metal, X'l and X'2 form a hydrocarbocyclic ring containing from about 3 to about 20 carbon atoms; 
and R Is a substttuent, preferably a hydrocartayl substltuent, having from 1 to about 20 carbon atoms, on one of 
the cyclopentadienyl radicals v^ich is also bound to the metal atom. 

Each carbon atom in the cyclopentadienyl radical may be. independently, unsubstituted or substituted with the 
same or a different radical selected from the Group consisting of hydrocarbyl radicals, substltuted-hydrocar- 
byl radicals wherein one or more hydrogen atoms Is replaced by a halogen atom, hydrocarbyl-substltuted 
metalloid radicals wherein the metalloid Is selected from Group IV-A of the Periodic Table of the Elements, 
halogen radicals and the like. Suitable hydrocarbyl and substltuted-hydrocartjyl radicals which may be 
substituted for at least one hydrogen atom in the cyclopentadienyl radical will contain from 1 to about 20 
carbon atoms and Include straight and branched alkyi radicals, cyclic hydrocarbon radicals, alkyl-substituted 
cyclic hydrocarbon radicals, aromatic radicals and alkyl-substltuted aromatic radicals. Similarly, and when Xi 
and/or X2 Is a hydrocarbyl or substituted-hydrocarbyl radteal, each may. Independently, contain from 1 to 
about 20 carbon atoms= and be a straight or branched alkyI radteal, a cyclic hydrocarbyl radical, an 
alkyl-substltuted cyclic hydrocartiyl radical, an aromatic radical or an alkyl-substltuted aromatic radical. 
Suitable organo-metallold radicals include mono-, dl- and trisubstltuted organo-metallold radteals of Group 
IV-A elements wherein each of the hydrocarbyl Groups contain from 1 to about 20 carbon atoms. Suitable 
organic-metalloid radicals Include trimethylsllyl. triethylsilyl. ethyldlmethylsllyl. methyldlethylsllyl. triphenylger- 
myl, trimethylgermyl and the like.* 

Illustrative, but not limiting examples of bls(cyclopentadienyl)zlrconlum compounds which may be used in 
the preparation of the improved catalyst of this lnventk>n are dlhydrocarbyl-substltuted bls(cyclopentadle- 
nyOzirconium compounds such as bls(cyclopentadlertyl)2lrconlum dimethyl, bls(cyclopentadienyl)zlrconium 
diethyl, bis(cyclopentadienyl) zirconium dipropyl. bls(cyclopentadlenyl)zlrconluni dibutyl. bls(cyclopentadle- 
nyl)zirconlum diphenyl, bis(cyclopentadienyl) zirconium dineopentyl, bls(cyclopentadienyl)2lrconlum dl(m-to- 
lyl). bis(cyclopentadienyl)zlrconlum di(p-tolyl) and the like; (monohydrocarbyl-subsmuted cyclopentadie- 
nyl jzirconium compounds such as (methylcyclopentadienyl) (cyclopentadienyl) and bis(methytcyclopentadle- 
nyl)zirconium dimethyl. (ethylcyclopentadienyl)(cyclopentadlenyl) and bls(ethylcyclopentadlenyl) zirconium 
dimethyl, (propylcyclopentadlenyl) (cyclopentadienyl) and. bls(propytoyclopentadlenyl)zlrconlum dimethyl, 
(n-butylcycio pentadienyl) (cyclopentadienyl) and bls(n-butylcyclopentadlenyl) zirconium dimethyl, (t-butylcy- 
clopentadlenyl) (cyclopentadienyl) and bls(t-butylcyclopentadlenyl)2lrconlum dimethyl, (cyclohexylmethylcy- 
clopentadienyl) (cyclopentadienyl) and bls(cyclohexylmethylcyclopentadienyl)zlrcohlurn dtmethyi, (benzylcy- 
ciopentadlenyl) (cyclopentadienyl) and bls(benkylcyclopentadlenyl)zlrconlum dimethyl, (dl^henylmethytey- 
clopentadlenyl)(cyclopentadienyl) and bis(dlphenylmethylcyclopentadlenyl)zlrconlum dimethyl, (methylcy- 
clopentadienyl) (cyclopentadienyl) and bls(methylcyciopentadlenyl)zlrconlum dihydride. (ethylcydopenta 
dienyl) (cyclopentadienyl) and bis(ethylcyclopentadienyl)zirconium dihydride, (propylcyclopentadlenyl) (cy- 
clopentadienyl) and bis(propylcyclopentadienyl)zlrconium dihydride, (n-butylcyclopentadlenyl)(cyclopenta- 
dienyl) and bis(n-butylcyclopentadienyl) zirconium dihydride. (t-butylcyclopentadlenyl)(cyclopentadienyl) and 
bis(t-butylcyclopentadienyl)zlrconium dihydride. (cyclohexylmethylcyclopentadlenyl)(cyclopentadlenyl) and 
bis(cyclohexylmethylcyclopentadienyl)zirconlum dihydride. (benzylcyclopentadlehyl)(cyclopentadienyl) and 
bis(benzylcycIopentadienyl)2irconlum dihydride. (diphenylmethylcyclopentadlenyl)(cyclopentadlenyl) and 
bis(diphenylmethylcyclopentadienyl)zirconium dihydride and the like; (pdlyhydrocarbyl-substltuted-cyclopen- 
tadlenyl)zirconlum compounds such as (dlmethylcyclopentadlenyl)(cyclopentadienyl) and bis(dlmethyley- 
clopentadienyl)zircomum dimethyl, (trimethylcycjopentadienyl) (cyclopentadienyl) and bls(trimethylcycloperv- 
tadienyl)zlrconlum dimethyl. (tetramethylcyclopentadlenyl)(cyclopentadlenyl) and bls(tetrBmethytayclopenta- 
dienyl)zlrconlum dimethyl, (permethylcyclopentadlenyl) (cyclopentadienyl) and bis(permethylcyclopentadIe- 
nyl)zirconium dimethyl, (ethyltetramethylcyclopentadlenyl) (cyclopentadienyl) and bls(ethyltetramethylcy- 
clopentadienyl) zirconium dimethyl. (Indenyl) (cyclopentadienyl) and bis(lndenyl) zirconium dimethyl, (di- 
methylcyclopentadienyl)(cyclopentadienyl) and bls(dlmethylcyclopentadlenyI)zirconlum dihydride, (trimethyl- 
cyclopentadiefiyl) (cyclopentadienyl) and bis(trimethylcyclopentadlenyl)zirconium dihydride. (tetramethylcy- 
clopentadienyl) (cyclopentadienyl) and bls(tetramethylcyclo pentadienyl)zirconlum dihydride, (permethylcy- 
clppentadienyl) (cyclopentadienyl) and bis(permethylcyclopentadienyl)zlrconium dihydride. (ethyltetramethyl- 
cyclopentadlenyl) (cyclopentadienyl) and bis(ethyltetramethylcyclopentadienyl)zlrconlum dihydride. (Inde- 
nyl) (cyclopentadienyl) and bis(indenyl)zirconlum dihydride and the like; (metal hydrocarbyl-substltuted 
cyciopentadlenyl)zirconlum compounds such as (trimethylsllylcyclopentadlenyl) (cyclopentadienyl) and 
bis(trimethylsllylcyclopentadienyl)zlrconium dimethyl. (trimethyIgermylcyclopentadienyl)(cyclopentadienyl) 
and bis(trimethylgennyIcyclopentadienyl)zlrconium dimethyl, (trimethylstannylcydopentadienyl) (cyclopenta- 
dienyl) and bls(trimethylstannylcyclopentadlenyl)zlrconlum dimethyl. (trimethylplumbylcyclopentadlenyl)(cy- 
clopentadienyl)' and bis(trimethylplumbyk:yclopentadlenyl)zirconIum dimethyl, (trimethylsllylcyclopentadle- 
nyl) t cyclopentadienyl) and bis(trimethylsllylcyclopentadlenyl)zlrconlum dihydride, (trimethylgermylcyctopenta- 
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dienyl)(cyclopentadienyt) and bis(trimethy1gGrmylcyclopentadlenyl)zirconium dihydride, ^trimethylstannylcy- 
clopentadlenyl)(cyclopentadienyI) and bls(tnmethylstannylcyclopentadienyl)2lrconium dihydride. (trimelhyl- 
plumbylcyclopentadienyi)(cyclopentadieny1) and bis(trlmethylp!umbylcyclopentadienyl)zirconium dihydride 
and the like;. (halogen-substituted-cyclopentadieneyI)zirconium compounds such as (trifluoromethylcy- 
clopentadienyl)(cyclopentadienyl) and bis(trifluoromethylcyclopentadlenyl)zirconium dtnriethyl. (trifluoro- 
methylcyclopentadienyl)(cyclopentadienyI) and bis(trifluoromethylcyclopentadienyl)zlrcbnlum dihydride and 
the like; silyl-substituted bis(cyclopentadienyl)zirconium compounds such as bls(cyclopentadlenyl)(trime1hyl- 
sllyl)(methyl)zlrconlum. bls(cydopentadlenyl)(triphenylsilyI)(miBthyD2irconium, bis(cyclopentadienyl)[tri&<di- 
methytellyl)silyl]{methyl)zlrcon!um. bis(cyclopentadienyl)Ibis(mesityl)sllylJ(methyI)2lrcon!um. bls(cyclopenta- 
dieny0(trimethylsily1)(trimethylsilylmethyl)2lrconlum, bis(cyclopert and the like; ' 

(bridge^<:yctopentadlenyI)2irconlum compounds such as methylene bis(cyclopentadienyl)zlrGonlum dimethyl, 
ethylene bis(cyclopentadienyl)2irconium dimethyl, dimethylstlyl bls{cyclopentadienyl)2irconium dimethyl, 
methylene bis(cyclopentadlenyI)2irconium dihydride. ethylene bis(cyclopentadienyl)zirconium dihydride and 
dimethylsilyl bis(cyc!opentadlenyl)zirconium dihydride and the like; zirconacycles such as bis(pentamethylcy- 
clopentadienyl) zirconacyclobutane, bis(pentamethylcyclopentadienyl) zirconacyclopentane. bis(cyclopenta- 
dlenyl)zirconaindane and the like; olefin, diolefin and aryne ligand substituted bis(cyclopentadienyl)zlrconlum 
compounds such as bi?(cyclopentadienyl) (1.3-butadiene)2lrconlum, bis(cyclopentadienyl) (2.3-dimethyl- 
1,3-butadiene)2lrconium, bis(pentamethylcyclopentadienyl){benzyne) zirconium and the like; (hydrocar- 
byl){hydride) bis(cyclopentadienyl)2irconium compounds such as bis(pentamethylcyclopentadienyl)zlrconium 
(phenyl)(hydride). bis(pentamethylcyclopentadienyl)2irconium (methyl) (hydride) and the like; and bis(cy- 
ciopentadienyOzirconium compounds in which a substituent on the cyclopentadienyl radical is bound to the 
metal such as (pentamethylcyclopentadleny!)(tetramethylcyclopentadienylmethylene> zirconium hydride, 
(pentamethylcyclopentadienyI)(tetramethylcyclopentadienylmethylene) zirconium phenyl and the like. 

A similar list of illustrative bls(cyclopentadlenyl) hafnium and bis(cyclopentadienyI)titanium compounds 
could be made, but since the lists would be nearly identfcal to that already presented with respect to 
bis(cyclopentadienyl)zlrconium compounds, such lists are not deemed essential to a complete disclosure. 
Those skilled in the art. however, are aware that bis(cyc!opentadienyl)hafnium compounds and bis(cyclop€n- 
tadienyl) titanium compounds according to certain of the bls(cyclopentadienyl) zirconium compounds listed 
supra are not known. The lists would, therefore, be reduced by these compounds. Other bls(cyclopentadie- 
nyl)haf nium compounds and other bis(cyclopentadienyl)titanium compounds as well as other bis{cyclopenta- 
dienyl)2irconium compounds which are useful in the catalyst compositk>ns of this invention will, of course, be 
apparent to those skilled in the art. 

Compounds useful as a second component in the preparation of the catalyst of this Invention will comprise a 
cation, which is a Bronsted acid capable of donating a proton, and a compatible anion containing a plurality of 
boron atoms, which anion is relatively large, capable of stablPizing the active catalyst species which is formed 
when the two compounds are combined and said anion will be sufficiently labile to be displaced by olefinic, 
diolefinic and aceWIenically unsaturated substrates or other neutral Lewis bases such as ethers, nitrites and 
the like. In gener^ a second compound useful In the preparation of the catalyst of this invention may be any 
compound represented by one of the following general formulae: 
5. IL'-H]l(CX)a(BXOmX''bl<> 
Wherein: 

L'-H Is either H+, ammonium or a substituted ammonium cation having up to 3 hydrogen atoms replaced with a 
hydrocarbyi radical containing from 1 to about 20 carbon atoms or a substltuted-hydrocarbyl radkial, wherein 
one or more of the hydrogen atoms is replaced by a halogen atom, containing from 1 to about 20 carbon 
atoms, phosphonium radicals, substituted-phosphonium radicals having up to 3 hydrogen atoms replaced 
with a hydrocarbyi radical containing from 1 to about 20 carbon atoms or a substituted-hydrocarbyl radical, 
wherein 1 or more of the hydrogen atoms is replaced by a halogen atom, containing from 1 to about 20 carbon 
atoms and the like; B and C are. respectively, boron and cartoon; X, X' and X" are radteals selected, 
independently, from the Group consisting of hydride radicals, halide radicals, hydrocarbyi radicals contsunlng 
from 1 to about 20 carbon atoms, substituted-hydrocarbyl radicals, wherein one or more of the hyrogen atoms 
is replaced by a halogen atom, containing from 1 to about 20 cari^on atoms, organometalloid radicals wherein 
each hydrocarbyi substitution in the organo portion contains from 1 to about 20 carbon atoms and said metal 
Is selected from Group IV-A of the Periodic Table of the Elements and the like; a and b are integers ^ 0; c is an 
Integer ^1;a + b + c»an even-numbered integer from 2 to about 8; and m is an integer ranging from 5 to 
about 22. 

6. IL'-Hl[[[(CX3)a'(BX4)m'(Xs)b-]c-]2Mn+]d- 
Wherein: 

L'-H is either H-*-, ammonium or a substituted ammonium radical having up to 3 hydrogen atoms replaced with 
a hydrocarbyi radical containing from 1 to about 20 carbon atoms or a substltuted-hydrocarbyl radteal, 
vvherein 1 or more of the hydrogen atoms is replaced by a halogen atom, containing from 1 to about 20 carbon 
atoms, a phosphonium radical, a substituted-phosphonium radical having up to 3 hydrogen atoms replaced 
with a hydrocarbyi radical conteuning from 1 to at>out 20 carbon atoms or a substituted-hydrocarbyl radical, 
wherein 1 or more of the hydrogen atoms lis replaced by a halogen atom, containing from 1 to about 20 carbon 
atoms and the tike; B, C. M and H are, respectively, boron; carbon, a transition metal and hydrogen; X3, X4. and 
X5 are radteals selected. Independently, from the Group consisting of hydride, radicals, halide radicals. 
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hydrocarbyl radicals containing from 1 to about 20 carbon atoms, substituted-hydrocarbyl radicals, wherein 
one or more of the hydrogen atoms is replaced by a halogen atom, containing from 1 to about 20 carbon 
atoms, organo-metalloid radicals wherein each hydrocarbyl sut>stitution In the organo portion or said • 
organo-metallold contains from 1 to about 20 cart>on atoms and said metal Is selected from ^roup IV-A of the 
Periodic Table otthe Elements and the like; a' and b' are the same or a different Integer ^ 0; c' is an integer ^ 
2; a' + b' + c' « an even-numbered integer from 4 to about 8; m' is an integer from 6 to about 12; n Is an 
Integer such that 2c' - n « d; and d Is an Integer ^ ^. 

Illustrative, but not limiting, examples of the second compounds which can be used as a second component 
in the catalyst compositions of this Invention are ammonium salts such as ammonium 1-carbadodecaborate 
(using 1-carbododecaborate as an Illustrative, but not limiting, counterlon for the ammonium cations listed 
below): monohydrocarbyl-substltuted ammonium salts such as methylammonium 1-carbododecaborate, 
ethylammonium 1-carbadode caborate, propylammonium 1-carbadodecaborate. isopropytammonlum 1-car- 
badodecaborate, (n-butyl)ammonlum 1-carbadodecaborate, anilinium 1-carbadodecaborate, and (p-tolyl)am- 
monium 1-carbadodecaborate and the like; dihydrocarbyl-substituted ammonium salts such as dlmethylam- 
monium 1-carbadodecaborate, dlethylammonlum 1-carbadodecaborate. dipropylammonium 1-carbadodeca- 
borate. diisopropylammonium 1-carbadodecaborate, di{n-butyl)ammonlum 1-carbadodecaborate. dlpheny- 
lammonlum. 1-carbadodecaborate, di(p-tolyl) ammonium 1-carbadodecaborate and the like; trthydrocartjyi- 
substituted ammonium salts such as trlmethylammonium 1-carbadodecaborate, triethylammonlum 1-carba- 
dodecaborate, tripropylammonium 1-carbadodecaborate, tri(n-butyt) ammonium 1-carbadodecaborate, 
triphenylammonium 1-=carbadodecaborate, trl{p-tolyl)ammonlum 1-carbadodecaborate. N,N-dimethylanlllnlum 
1-carbadodecaborate, N,N-dlethytanilinium 1-carbadodecaborate and the like. 

Illustrative, but not limiting examples of second compounds corresponding to Formula 5 [using 
tri(n-butyl)ammonium as an illustrative, but not limiting, counterlon for the anions listed below] are salts of 
anions such as bls[tri(n-butyi)ammonlum] nonaborate, bisItri(n-butyl)ammonium]decaborate. bls[trl(n-bu- 
tyl)ammonium]undecaborate, blsItri(n-butyi)ammonlum3 dodecaborate, bls[trl(n-butyl)ammonlumJdecachlo- 
rodecaborate, bis(triCn-butyl)ammonium)dodecachlorododeGaborate. Itri(n-butyl)ammonium 1-carbadeca- 
borate, tri(n-butyl)ammonlum 1-carbaundecal>orate, tri(n-butyl)ammonlum 1-carbadodecaborate, trl(n-bu- 
tyl)ammonium 1-trimethylsilyl-1-carbadecal>orate, trl(n-butyl)ammonium dibromo-1-carbadodecaborate and 
the like; borane and carborane complexes and salts of borane and carborane anions such as decaborane(14), 
7.8-dicarbaundecaborane(13), 2.7-dicarbaundecaborane(13), undecahydrido-7.8-dimethyl-7,8-dicarbaunde- 
caborane, dodecahydrido-11-methyl-2,7-dicarbaundecaborane. tri(n-butyl)ammonium undecaborate(14), 
tri(n-butyl)ammonium 6-carbadecaborate(12), tri(n-butyl)ammonlum 7-carbaundecaborate(13), trl(n-bu- 
tyDammonium 7.8-dicarbaundecaborate(12), tri(n-butyl)ammonlum 2,9-dicarbaundecaborate(12). tri(n-bu- 
tyl)ammonium dodecahydrido-8-methyi-7,9-dlcarbaunde caborate, tri(n-butyl)ammonlum undecahydrido- 

8- ethyl-7,9-dlcarbaundecaborate. tri(n-butyl)amraonlum undecahydrido-8-buty!-7,9<llcarbaundecaborate. 
tri(n-butyl)ammonium undecahydrido-8-ailyl-7.9-dicarbaundecaborate. trt(n-butyl)ammonlum undecahydrido- 

9- trimethylsllyl-7.8-dlcarbaundecaborate, tri(n-butyl)ammonlum undecahydrldo4,6-dlbromo-7-carbaundeca- 
borate and the like; boranes and carboranes and salts of boranes and carboranes such as 4-cart>anonabo- 
rane(14). 1.3-dicarbanonoborane(13). 6.9-dfcarbadecaborane(14), dodecahydrldo-1-phenyl-1.3-dlcarbanona- 
borane, dodec»hydrldo-1-methyl-1,3-dlcarbanonaborane, undecahydrldo-1,3-dimethyl-1.3-dicarbanonat)o- 
rane and the like. 

Illustrative, but not limiting, examples of 'second compounds corresponding to Formula 6 [using 
tri{n-butyl)ammonium as an illustrative, but not limiting, counterlon for the anions listed below] are salts of 
metallacarborane and metallaborane anions such as tri(n-butyl)ammonium bis(nonahydrido-1 ,3-dtoarbanona- 
borato) cobaltate(lll). tri(n-butyl)ammonlum bis(undecahydrldo-7.8-dlcarbaundecaborato)ferrate(lll), trl(n-bu- 
tyl)ammonlum bls(undecahydrido-7,8-d!carbaundecaborato)cobattate(ill). tri(n-butyl) ammonium bls(undeca- 
hydrido-7.8-dicarbaundecaborato) nickelate(lll), tri(n-butyl)ammonlum bls(undecahydrido-7.8-dlcart>aunde-. 
cabprato) cuprate(ill). trl(nrbutyOammonlum bls(undecahydrlclo-7,8-dlcarbaundercaborato)aurate(lll). 
tri(n-butyl)ammonium bis(nonahydrido-7,8-dimethyl-7.8-dicarbaundecaborato)4errate(lll). til(n-butyl) am- 
monium bis(nonahydrido-7.8-dimethyl-7.8-dlcarbaundecaborato) chromate(lli). tr1s(n-butyi)ammonlum bls(tri- 
bromooctahydrido-7.8-dicarbaundecaborato)cobaltate(lll). tri(n-butyl)ammonlum bis(dodecahydridodtoarba- 
dodecaborate)cobaltate(lll), bis[tri(n-butyl)ammonium] bis(dodecahydrldodecaborato) nlckelate(ll), trls- 
[tri(n-butyl)ammonlum] bis(undecahydrldo-7-carbaundecaborato)chromate(lll). bisttrl(n-butyl) ammonium] 
bis(undecahydrido-7-carbaundecaborato)manganate(IV). bis[tri(n-butyl)ammonlum) bis(undecahydro-7-car- 
baundecaborato) cobaltate(lll), bis[tri(n-butyl)ammonium] bis(undecahydrldo-7carbaundecaboreto)nlcke- 
late(IV) and the like. A similar list of representative phosphonium compounds could be recited as illustrative 
second compounds, but for the sake of brevity, it is simply noted that the phosphonium and 
substituted-phosphonium salts corresponding to the listed ammonium and suk>8tttuted-ammonium salts couki 
be used as second compounds In the present Invention. 

In general, and while most first components identified above may be combined with most second 
components Identified above to produce an active olefin polymerization catalyst. It Is Important to continued 
polymerization operations that either the inltiaHy formed metal cation or a decomposition product thereof be a 
relatively stable olefin polymerization catalyst It Is also Important that the anion of the second compound be 
stable to hydrolysis when an ammonium salt Is used. Further, it Is important that the acidity of the second 
component be sufficient, relative to the first, to facilitate the needed proton transfer. Conversely, the basicity 
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rf the metal cotnotex must also be sufficient to facilitate the needed proton transfer. Certain metallO(^ne 
foJSo^-TsK b«sTSntamethylcyclopentadienyl)iiaf^ dimethyl as an illustrative, but no hmitir^ 
eSe^rlsfelant ^reaction lirtth all but the strongest Bronsted acids and thus are not suitable asflre^ 
cSn^^t^orm the catalysts described herein. In general. bis(cyclopentadienyl)meta. """P^^^^^^^^ 
Mnbe hydrolyzed by aqueous solutions can be considered suitable as first components to fonn the catalysts 

''^Sr^Je^'to the combination of the desired cation and the stabilizing anion to form an active catatyst^ 
thrpresent invention, it should be noted that the two compounds combined for P^«P^^«^n of tt^ aoUve 
catafyst must be selected so as to ensure displacement of the anion by monomer or 
base This could be done by ^eric hindrance, resulting from substitutions on the cyclopentadienyl carbon 
atoms^v^asfromsubst.^^^^^ 

metTcompounds and/or bulky second components does not generally pr««nt the ^^^Ired comb^nahon a^. 

fact generally yields more labile anions. It follows, then, that metal co"^PO""ds (flret compor^nts^ 
comSteing perhjdrocarbyl-substltuted cyclopentadienyl radicals could be effccMvely used .with a w.der range 
orsecond compounds than could metal compounds (first ^°lTH"?«H™t^d^S 
cyclopentadieny radicals. In fact, first compounds comprising Pertvdrocaitoyl-substltuted q^clopente^^ 
rad cSs would generally, be effective when used in combination with second components hawig both larger 
^d snX an ons. As the amount and size of the substitutions on the cyc«opentadle,^ra*catea^ reduc^ 
^wever. more effective catalysts are obtained with second compounds 

those encompassed by Equation 6 above and those having larger m values In Equation 5. In ^^efecases. It b 
further preferable that in using second compounds which are encompassed by + 
second compounds in which a + b + c = even-numbered integers of 4 or more have a^^-H-B moieties 
which can react further with the metal cation formed, leading to catalytlcally h>active <=^^^^ 

in general, the catalyst can be prepared by combining the two components m « * 
temperature wtthin the range from about -lOO'C to about 300°C. The catalyst may be ,««dto 
o-olefins and acetylenically unsaturated monomers having from two to ^^'^'^'1^^^°;^^ 
Siolefins having from four to about eighteen carbon atoms erther alone or .n«m^ 

be used to polymerize o-olefins. diolefins and/or acetylenically unsaturated ^J.^'^'^i??^^^ 
ofh^r unsaturated monomers. In general, the polymerization will be accomplished at ^O")**'""? *lL^^ 
theprior art for the polymerization of monomers of this type. It will, of course, be appreciated ^^^^ 
sjem will form in sHu If the components thereof are added directly to the P°'yi"«"^*'°" P~^«1,^J* 
Sntable solvent or diluent is used in said polymerization process. It is. however, preferred to form ttie 
fn a separate step prior to adding the same to the polymerization step. While the catalysts do "o? oo"*^ 
pyrophCric species, the catalyst components are sensitive to both moisture and oxygen and should be 
handled and transferred in an inert atmosphere such as nitrogen, argon or helium. ^^^^^ 
AS indicated supra, the improved catalyst of the present invention will, generally be P^Pa?^ In a su^^^ 
solvent or diluent. Suitable soh/ents or diluents include any of the solvents known In the pnor art to be us^l M 
solvents in the polymerization of olefins. Suitable solvents, then, include, but are not "eoessartly^hmited to^ 
straight and branclLd-chain hydrocarbons such as Isobutane. butane, pentarie. hexane. ^eptane^cte^and ^ 
the like, cyclic and alicydic hydrocarbons such as cyclohexane. cydopentane. methyk^cloh^ne. 40 
methytcydoheptane and the like and aromatic and alkyi substituted aromatc oo'"PO""«i«^"^;^^f ^^^j^^ 
toluehe. xylene and the like. Suitable solvents also include basic solvents not heretofor^useful ^ 
polymerization solvents when conventional Ziegler-Natta type polymerization catalysts are used such as 
chlorobenzene. dichloromethane and propyl chloride. , , ^. . iKat wht.n the two 

While the Inventors do not wish to be bound by any particular theory, it is ed that wher^ th^^^ 
compounds used to prepare the Improved catalysts of the present invention are combined m a sizable solvent 
or dauent. all or a part of the cation of the second compound (the proton) combines wrth one of «ie 
substltuents on the metal^ontaining (first) component. In the case where the ^^f oon^°"«"* 
corresponding to that of general fonnula 1 supra, a neutral compound Is liberated which ^tther reroins In 
^lutlon oris liberated as agas. In this regard. It should be noted that If the cation of the second compound tea 
bSor^id either Xt or xTln the metSTcontalnlng (flrat) compound Is a hydride, hydrogen g^ .;«y be 
n^i^ed. Similarly. If the cation of the second compound is a proton and «»her Xi or X2 te a met^l radlca^^ 
methane may be liberated as a gas. In the cases where the first component has a formula corresponding to 
tlSTrf ^eS Slae 2. 3 or 4. one of the substHuents on the metal-containing (first) •^"'Ponen* te 
protonated but. in geneial. no substituent Is liberated from the metal. It fe prefen-^ that the ratio met^ 
^ntalning (lirsi) covenant to second component cations be about 1 :1 or greater. The oonjugiate to^^^^ 
caZ of the second compound. If such a portion does remain, will be a neutra compound v^'?!^"''^^"^^^^ 
solution or complex wrth the metal cation formed, though, in general, a cation Is chosen ^ucln «^ 
of the neutral conjugate base to the metal cation will be weak or nonexistent^ ^Iv^k f 1! plr 
conjugated base n^eases. K will, simply, remain In solution without interfenng the active tate^^^^^ 
S2nS, if the cation of the second compound is an ammonium Ion. this Ion wfll liberate a hydrc^n a^om 
.which may then react as In the case when the hydrogen atom was the caton to ^onn caseous hy^^^ 
methane or the like and the conjugate base of the cation viriU be ammonia. In like fashion. " the rafton of tt« 
second compound were a hydrocarbyl-substltuted ammonium ion contalrang at least one »V«Jro^n atom. 8«^s 
essemial to the present Invention, the hydrogen atom wouW be given up to react m the same fashion as when 
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hydrogen were the cation and the conjugate base of the cation would be an amine. Further, if the cation of the 
second compound were a hydrocarbyt-substltuted phosphonlum Ion containing at least one proton, as is 
essential to the present invention, the conjugate base of the cation would be phosphlne. 
While still not wishing to be bound by any particular theory. It is also believed Uiat when the metal containing 

5 (first) component has reacted with the second component, the non-coordinating anion originally contained in 
the second compound used In the catalyst preparation combines with and stabilizes either the metal cation, 
formally having a coordination number of 3 and a +4 valence, or a decomposition product thereof. The cation 
and anion will remain so combined until the catalyst is contacted with one or more olefins, diolefins and/or 
acetylenicaily unsaturated monomers either alone or in combination with one or more other monomers. As 

10 Indicated supra, the anion contained in the second compound must be sufficiently labile to permit rapid 
displacement by an olefin, a diolefin or an acetylenicaily unsaturated monomer to facilitate polymerization. 

As indicated supra, most first compounds identified above will combined with most second compounds 
identified above to produce an active catalyst, particularly an active polymerization catalyst. The actual active 
catalyst species is not, however, always sufficiently stable as to permit its separation and subsequent 

IS identification. Moreover, and while many of the initial metal cations are relatively stable. It has become apparent 
that the initially formed metal cation may decompose yielding either an active polymerization catalyst species 
or a catalytlcally inactive species. Most decomposition products are, however, catalytlcally active. While the 
inventors still do not wish to be bound by any particular theory, It Is believed that the active catalyst species 
which have not been isolated, including active decomposition products, are of the same type as those which 

20 have been isolated and fully characterized or at least retain the essential structure required for functioning as a 
catalyst such as a reactive metal-carbon bond. 

While still not wishing to be bound by any particular theory and as indicated supra. It Is also believed that the 
extent and nature of the substitution on the cyclopentadienyl ring dictates the size of the stabilizing anion 
needed to generate a particularly active olefm polyrnerizatlon catalyst, in this regard, it Is believed that as the 

25 number of substituents on the cyclopentadienyl radical in the metaltocene cation are decreased from 5 to 0, a 
given anion will become increasingly less labile. Thus, it is suggested that as the number of substituents on the 
cyclopentadienyl radical in the metailocene cation are reduced from 5 to 0, larger or less reactive anions 
should be used to ensure lability and allow for the generation of a particularly active catalyst species. 
Consistent with the foregoing, stable. Isolable, characterizible olefin polymerization catalysts have been 
. 30 prepared when bis(permethylcycIopentadienyl)zirconium dimethyl has been combined vA\h and reacted v4th 
tri(n-butyi)ammonium 7,8-dicarbaundecaborate(12) or 7.8-dicarbaundecaborane(13). A stable, isolable, olefin 
polymerization catalyst has also been prepared when bis(ethyttetramethylcyclopentadlenyl)zlrconlum dimetiryl 
has been combined with 7,8>dicarbaundecaborane(13). In each of these cases, the stable polymerization 
catalyst was prepared by adding the reactants Into a suitable solvent or diluent at a temperature within the 

35 range from about -100'' C to about 300** C. Based on this and other Information available to the Inventors, It 
appears clear that isolable and characterizable polymerization catalysts can also be prepared when a 
bis(perhydrocarbyl-su|3stituted cyclopentadienyl)metal compound Is combined with any one or more of the 
second compounds identified above. Also, active, but unisolated polymerization catalysts are prepared when 
bis(cyclopentadienyl)zircohlum compounds containing less than five hydrocarbyi-substltutions on each 

40 cyclopentadienyf radical are reacted with a suitable second compound, within the scope of the present 
invention, containing a cation capable of donating a proton and an anion capable of stabilizing the metailocene 
cation and sufficiently labile to be displaced by an olefin, a diolefin or an aLcetylenlcally unsaturated monomer 
. during polymerization, particularly those second compounds having the larger anions. 

The chemical reactions which occur may be represented by reference to the general formulae set forth 
. 45 herein as follows: 
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A. (A-Cp)MX^X2+tL'.H]*[B']" 



B. (A-Cp)MX'^X'2+tL'-H]''[B'] 




[(A^Cp)Mf^'^H]''CB']%L' 



C. (A-Cp)ML+[L'-W[B'3^ 



> [(A-Cp)M(LH)]*[B"]%L' 



D. (Cp)(RCp*)MX^ + [L'-H3nBT ~> [(Cp)(HR-Cp*)MX,]*[B']%L' or 



t(Cp)(R-Cp*)il]*tB*3%HX,+L' 



In the foregoing reaction equations, the letters A-D correspond to the numbers 1-4. respectively, set forth In 
combination with the general equations for useful metallocene compounds. B' represents a compatible Ion 
conesponding to the general formulae outlined In formulae 5 and 6 above. The reaction of each of the four 
classes of metallocenes with N,N-dlmethylanilinium bls(7,8-dicarbaundecaborato)cobaltate(ni) has been 
examined by solution NMR or "»3C NMR spectroscopy. In each case, products conforming to those outlined 
above were observed. . 

In general, the stable, Isolable catalysts formed by the method of this invention may be separated from the 
solvent and stored for subsequent use. The unisolated catalysts, however, will, generally, be retained In 
solution until ultimately used in the polymerization of olefins. Alternatively, any of the catalysts prepared by the 
method of this invention may be retained in solution for subsequent use or used directly after preparation as a 
polymerization catalyst. Moreover, and as Indicated supra, the catalysts may be prepared in situ by passing the 
separate components into the polymerization vessel where the components will be contacted and react to 
produce the improved catalyst of this invention. 

In general, and as indicated supra, the improved catalyst of this Invention will polymerize olefins, diolefins 
and/or acetylenlcally unsaturated monomers either alone or in combination with other olefins and/or other 
unsaturated monomers at conditions well known in the prior art for conventional Ziegler-Natta catalysis. In the 
polymerization process of this invention, the molecular weight appears to k)e a function of both catalyst 
concentration, polymerization temperature and polymerization pressure. In general, the polymers produced 
with the catalyst of this invention, when produced in an atmosphere free of hydrogen or other chain 
terminating agents, will contain terminal unsaturation. 

The polymer products produced with the catalyst of this invention will, of course, be free of certain trace 
metals generally found in polymers produced in Ziegler-Natta type catalysts such as aluminum, magnesium, 
chloride and the like. The polymer products produced with the catalysts of this invention should then have 
broader range of applications than polymers produced with more conventional Ziegler-Natta type catalysts 
comprising a metal alkyi, such as an aluminum alkyl. 

PREFERRED EMODIMENT OF THE INVENTION 

In a preferred embodiment of the present invention, a polymerization catalyst will be prepared by combining 
a bis(cyctopentadienyl) compound of one of the Group IV-B metals, most preferably a bis(cyclopentadie- 
nyDzlrconium or bis(cyclopentadieny I) hafnium compound, containing two Independently substituted or 
unsubstltuted cydopentadienyl radicals and two lower all^l substituents or two hydrides with one of the 
following: ^ i 

(1) . A trisubstituted ammonium salt of a borane or carborane anion satisfying the general formula: 
7. l(CH)ax(BH)bx]cx- 

Wherein: 

B, C, and H are, respectively, boron, carbon and hydrogen: 
ax is either 0 or 1; cx is either 1 or 2; ax + cx = 2; and 
bx Is an integer ranging from 10 to 12. - 

(2) . A trisubstltifted ammonium salt of a borane or carborane anion or a neutral borane or carborane 
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compound satisfying the general formuta: 

8. [(CH)av(BH)myHbylcy- 
wherein: 

B. C and H are. respectively, boron, carbon and hydrogen; 
5 ay is an integer from 0 to 2; by Is an integer* from 0 to 3; 

cy is an Integer from 0 to 3; ay + by cy — 4; and my Is an Integer from 9 to 18. 

(3). A trisubstituted ammonium salt of a metallaborane or metallacarborane anion satisfying the general 
formula: 

9. [[[(CH)a2(BH)mzH|«l«-]2MZfa+lcte- 

10 Wherein: 

B, C. H and MZ are. respectiveiy, boron, carbon, hydrogen and a transition metal; az is an integer from 0 to 2; 
bz is an intejger from 0 to 2; cz is either 2 or 3; 

mz is an integer from 9 to 11; az + bz + cz - 4; and nz and dz are, respectiveiy, 2 & 2 or 3 & 1. 
Each of the trisubstitutions in the ammonium cation vAW be the same or a different lower alkyi or aryl radical. 

75 By lower alkyl is meant an alkyI radical containing from one to four carbon atoms. In a most preferred, 
embodiment of the present invention wherein an anion represented by Formula 7 Is used, bis{pentamethyicy- 
clopentadienyl)zlrconium dimethyl will be combined with tri(n-butyl)ammonIum 1-carbaundecaborate to 
produce a most preferred catalyst. In a most prefen-ed embodiment of the present invention wherein an anion 
represented by Formula 8 is used, bls(pentamethylcyclppentadienyl)zirconium dimethyl will be combined with 

20 7,8-dicarbaundecaborane(13) to produce a most preferred cataiyst. In a most preferred embodiment of the 
present invention wherein an anion represented by Formula 9 Is used. bis(cyclopentadienyi)2irconium or 
4iafnium dimethyl will be combined with N.N-dimethylanilinlum bisf7,8-dicarbaundecaborato) cobaltate(lll) to 
produce a most preferred catalyst. In a pretended embodiment of this invention, the two components used to 
prepare the catalyst will be combined at a temperature Virtthin the range from about 0**C to about 100** C. The 

25 components will be combined, preferably, in an aromatic hydrogen solvent, most preferably toluene. Nominal 
holding times within the range from about 10 seconds to about 60 minutes will be sufficient to produce both 
the preferred and most preferred catalysts of this Invention. 

In a preferred and most preferred embodiment of this Invention, the catalyst, immediately after formation, 
will be used to polymerize one or more lower a-olefins, particularly ethylene and propylene, most preferably 

30 ethylene, at a temperature within the range from about O'^C to about 100**C and at a pressure within the range 
from about 15 to about 600 psig. The monomers will be maintained at polymerization conditions for a nominal 
holding time within the range from about 1 to about 60 minutes and the catalyst will be used at a concentration 
within the range of about 10-^ to about 10-"" moles per liter of solvent or diluent. 

Having thus broadly descrit>ed the present invention and a preferred and most preferred embodiment 

SS thereof, it is believed that the same will become even more apparent by reference to the following examples, it 
wilt be appreciated, however, that the examples are presented solely for purposes of illustration and should 
not be construed as Ijmiting the Invention. In the examples wherein an active catalyst was isolated and 
identified, the analysis was by solid-state i^C NMR spectroscopy and solution NMR spectroscopy. 

40 EXAMPLE 1 

In this example, an active olefin polymerization catalyst was prepared and. isolated by combining 1.0 g of 
bis(pentamethylcyclopentadienyl)2irconium dimethyl In 50 ml of toluene and then adding 0.82 g of 
tri(n-butyl)ammonlum 7.8-dicarbaundecaborate(12). The mixture was stirred at room temperature for 30 
minutes, the solvent was evaporated to half its original volume and peritane added to the point of cloudiness. 
45 After cooUng at -20*C overnight, a yejiow solid Vkfas filtered off. washed with pentane and dried. The yield of 
active catalyst was 0.75 ig. A portion of this product was analyzed and identified as bis(pentamethylcyclopente- 
dienyt)(dodecahydrido-7,8-dicBrbaundecaborBto)zlr<conium. 
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EXAMPLE 2 

In this example, an active olefin polymerization catalyst was prepared by dissolving 1.2 g of 
bis(pentamethylcyclopentadienyDzirconium dimethyl In 100 ml pentane and then adding dropwise 5 ml of a 
toluene solution containing 0.38 g of 7,e-dicart>aundecaborane(13). A bright yieiiow solid precipitated from 
solution. After thirty minutes, the solid was filtered off, washed with pentane and dried. The yield of product 
was 0.95 g. A portion of the product was analyzed and identified as bi8(pentamethylcyclopentadie^ 
nyl)methyl(dodecahydrido-7.8-dicarbaundecaborato) zirconium, the same active catalyst produced in 
Example 1. 



EXAMPLE 3 

In this example, an active olefin polymerization . catalyst was prepared by dissolving 0.425 g of 
60 bis(ethyltetramethylcyclopentadlenyl)zirconium dimethyl in 60 ml of pentane and adding dropwise 5 ml of a 
toluene solution containing 0.125 g of 7,8-dicarbaundecaborane(13). A bright yellow solid precipitated from 
solution. After fifteen minutes, the solid was filtered off, washed vMh pentane and dried. The yield of product 
was 0.502 g. A portion of the product was analyzed and identified as bls(ethyltetramethylcyciopentadle- 
nyl)nriethyKdodecahydrido-7.8-dHBarbaundecaborato)zirconlum. 
6S • 
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EXAMPLE 4 

In this example, ethylene was polymerized using a portion of the catalyst produced in Example 2 by 
dissolving 50 mg of the catalyst in 100 ml of toluene and transferring the catalyst solution under a nitrogen 
atmosphere into a stirred, steel 1 liter autoclave which was previously flushed with nitrogen. The autoclave v/as 
pressured with 300 psig ethylene and sttnred at 60^*0. After thirty minutes, the reactor was vented and opened. 
The yield of linear polyethylene formed was 22.95 g. . 

EXAMPLE 5 

In this example, ethylene was polymerized with the catalyst produced in Example 3 by dissolving 50 mg of 
the catalyst in 100 ml of toluene and transferring the catalyst solution under a nitrogen atmosphere into a 
stirred, steel 1 liter autoclave which was previously flushed with nitrogen. The autoclave was pressured with 
400 psig ethylene and stirred at 40''C. After one hour, the reactor was vented and opened. The yield of linear 
polyethylene formed was 74.6 g. 

EXAMPLE 6 

In this example, ethylene was again polymerized with a portion of the catalyst produced In Example 2 by 
dissolving 75 mg of the catalyst in 100 ml of chtprobenzene and transferring under a nitrogen atmosphere into 
a stirred, steel 1 liter autoclave which was previously flushed with nitrogen. The autoclave was pressured with 
150 psig ethylene and stirred at 40''C. After twenty minutes, the reactor was vented and opened. The field of 
linear polyethylene formed was 3.3 g. 

EXAMPLE 7 

In this example, ethylene was polymerized with an active catalyst formed in situ by dissolving 80 mg of 
bis(pentamethytcyclopentadienyl)zirconlum dimethyl and 35 mg of 1,2-dicarbaundecaborane(13) in 20 ml of 
dichloromethane. Ethylene was then bubbled through the solution at atmospheric conditions for one minute 
and the slurry then poured into an excess of ethanol. The polyethylene formed was filtered off, washed with 
water and acetone and dried. The yield of polyethylene was 1.6 g. 

EXAMPLE 8 

In this example, an active catalyst was prepared by reacting bis(pentamethylcyclopentadienyl)zirconium 
dimethyl (46 mg) with octadecaborane(22) (20 mg) in toluene (5 miy. There was considerable gas evolution. On 
passing ethylene through the solution for one minute, the solution grew hot. The vial was opened and acetone 
added to precipitate the polymer, which was filtered off, washed with acetone, and dried. The yield of polymer 

isolated was 0.32 g. 

i 

EXAMPLE 9 

In this example; an active catalyst was prepared by reacting bis(pentamethylcyclopentadienyl)zirconium 
dimethyl (40 mg) w^fri tri(n-buty!)ammonium tridecahydrido-7-carbaundecaborate (30 mg) in toluene (50 ml) in 
a serum-capped round-bottomed flask. The solution turned from colorless to orange-yellow. On passing 
ethylene through the solution for 1 minute, the solution grew hot as polymer precipitated from solution. 

EXAMPLE 10 

In this example, an active catalyst vy^s prepared in an NMR tut>e by combining 50 mg of 
bls(pentamethylcydopentadienyl) zirconium dimethyl and 40 mg of tri{n-butyt)ammonium 1-carbadodecabor- 
ate in 1 ml of hexadeuteriobenzene and placing the solution into the NMR tube. The disappearance of starting 
material was then observed by NMR spectroscopy and when the starting materials had disappeared 
ethylene was injected into the NMR tube. Solid poiymer precipitated from the solution. 

EXAMPLE 11 

In this example, an active catalyst was again prepared In an NMR tube by dissolving 100 mg of 
bis[1 ,3-bis(trimethylsi!yi) cyclopentadieny I] zirconium dimethyl and 60 mg of tri(n-butyl) ammonium 1-carba- 
dodecarborate in 1 ml of hexadeuteriobenzene and then placing the . solution Into the NMR tube. The 
disappearance of starting materials was observed in the NMR spectrum. When all of the starting zirconium 
compound had disappeared, ethylene was Injected into the tube and solid polymer precipitated from solution. 

EXAMPLE 12 

In this example, an active catalyst was again formed in an NMR tube by dissolving 100 mg of 
(pentamethylcydopentadienyl) [1,3'bis(trimethylsilyl)cyclopentadienynzirconium dimethyl and 70 mg of 
tri(n-butyI)ammonlum 1-cart)adodecaborate In 1 ml of hexadeuteriobenzene and then placing the solution in 
the NMR tube. Disappearance of starting material was followed by "^H NMR spectrum and when all of the 
starting zirconium compound had disappeared ethylene was Injected into the tube. Solid ethylene polymer 
then precipitated from solutioru . , 
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EXAMPLE 13 

In this example, an active catalyst was prepared by suspending 80 mg bls(pentamethylcyclopentadienyl)zfr- 
conium dimethyl and 50 mg of .bis[ti1(n-butyl)ammonium]dodecaborate in 7 ml of toluene in a serum capped 
vial. On mixing, the suspension turned from colorless to yellow-greert. Bubbling ethylene through the solution 
5 for 30 seconds caused a white polymer to form as the solution became warm. The vial was opened and the 
polymer precipitated with ethanol. The yield of polyethylene was 0.13 g. 

EXAMPI-E 14 

In this example, ah active catalyst was prepared by reacting bis(pentamethylcyclopentadienyl)zirconium 
10 dimethyl (45 mg) with trl(n-butyi)ammonium undecahydrido-1-carbaundecaborate (30 mg) In toluene (5 ml) in 
a serum-capped vial. The solution turned from colorless t yellow. On passing ethylene tinrough the solution for 
30 seconds, the solution grew hot as polymer precipitated. 

EXAMPLE IS 

IS In this example, an active catalyst was prepared by suspending 80 mg of bisCpentamethytcyciopentadie- 
nyl) zirconium dimethyl and SO mg of N.N-dimethylanilinium bis(7,8Hjicarbaundecaborato)cobaltate(l!l) in 5 ml 
of toluene in a serum-capped vial. The yellow solution turned organe-violet with gas evolution. On passing 
ethylene through the solution for 30 seconds, the solution turned deep violet with considerable evolution of 
heat and became viscous. The vial was opened and the solids precipitated with ethanol. These were washed 

20 with 100/b aqueous sodium hydroxide solution, ethanol, acetone and hexane. The yield of polyethylene was 
0.41 g. 

EXAMPLE 16 

In this example, an active catalyst was prepared by reacting bi&(pentamethylcyclop6ntadienyl)zirconium 
^ dimethyl (40 mg) with N.N-dimethylanilinium bis(7.8-dicarbaundecaborato)ferrate(lll) (45 mg) In toluene (10 
ml) in a serum-capped vial. On passing ethylene through the solution, the mbcture grew hot as polymer formed. 
The vial was opened and the contents diluted with acetone, then filtered and dried. The yield of polymer 
isolated with 0.33 g. 

30 EXAMPLE 17 

In this example, an active catalyst was prepared by reacting bis(pentamethyicyclopentadienyl)zirconium 
dimethyl (40 mg) with tri(n-butyl)ammonium bis(7,8-dicarbaundecaborato)nickelate (III) (45 mg) in toluene (30 
ml) in a serum-capped round-bottomed flask. Ethylene was passed through the solution for one minute. The 
solutkDn grew hot as polymer precipitated from solution. The flask was opened and the contents diluted with 
55 acetone. The solid polymer was filtered off, washed with acetone and dried. The yield oif isolated polymer was 
0.48 g. 

EXAMPLE 18 

In this example, an active catalyst was prepared by suspending 100 mg of bls(methylcyclopentadienyl)zlrco- 
40 nium dihydride and 180 mg of N.N-dimethylanllinium bis(7.8-dicarbaundecaborato) cobaltate(lll) in 100 ml of 
toluene in a 250 ml round bottomed flask capped with a rubber septum. Ethylene was bubbled through the 
solution for 1 0 minutes. The flask was opened, the contents poured into hexane. filtered off and dried. The yield 
of vpolymer was 2.98 g. 

45 EXAMPLE 19 

In this example, an acth/e catalyst was prepared by suspending 105 mg of bis[1«3-bis(trimethylsilytjcy- 
clopentadienyQzirconium dimethyl and 90 mg of N,N-dimethytanlllnium bis(7,8-dicarbaundecaborato)cobal- 
tate(lli) in 50 ml of toluene iri a 1(X) ml round bottomed flask capped with a rubber septum. Ethylene was 
bubbled through the solution for 10 minutes. The flask was opened and the contents poured Into ethanol and 
so evaporated. The yield of polymer was 2.7 g. 

EXAMPLE 20 

In this example, an active catalyst was prepared by stirring 50 mg of bis(cyclopentadlenyl)zlrconhjm 
dimethyl and 90 mg'of N.N-dlmethyianillnium bis(7,8-dlcarbaundecaborato)cobaJtate(lll) in 50 ml of toluene In a 
SS 100 ml round bottomed flask capped with a mbber septum. On passing ethylene throught the solution, no 
obvious reaction was observed for one minute, after whtoh a pronounced turbidity couki be seen. After 10 
minutes, the flask was opened, the contents diluted with ethanol and evaporated. The yield of polymer was 1 .9 

9- ■" 
eo EXAMPLE 21 

In this example, ethylene was polymerized by reacting 69 mg of bis(cyclopentadienyl) hafnium dimethyl with 
90 mg of N.N-dimethylanllinium bis(7.8-dicarbaundecaborato)cobaitate(lll) in 50 mi of toluene in a 
septum-capped round bottomed flask. On passing ethylene through the solution, a pronounced turbidity 
appeared after 30 seconds as the solution grew hot. After 10 minutes, the solution was poured into acetone. 
65 and the polymer filtered off and dried. The yield of linear polyethylene was 2.2 g. 
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EXAMPLE 22 

In this example, ethylene was polymerized by reacting 50 mg of bis (trimethylsilylcyclopentadienyl) hafnium 
dimethyl with 45 mg of N,N-dlmethylanllinium bis(7,8-dicarbaundecaborato) cobaltate(ni) in 5 ml of toluene m a 
serum-capped vial. On passing ethylene through the solution, polymer formed as the mixture grew hot. After 1 
minute, the vial was opened and the content diluted with acetorie arid filtered off. The yield of linear 
polyethylene was 0.35 g. 

EXAMPLE 23 . 

In this example, ethylene and 1 -butane were copolymerized in a toluene diluent by adding under a nitrogen ' 
atmosphere to a 1 liter stsunless-steei autoclave, previously flushed with nitrogen and containing 400 ml of dry, 
oxygen-free toluene. 35 ml of a toluene solution confining a catalyst prepared in situ from 50 mg of 
bis(cyclopentadienyi)zirconlum dimethyl and 45 mg of N,N-dimethylanninium bis(7,8-dicarbaundecaborato)co- 
baltate(III). 1-Butene (200 ml) was added to the autoclave, which was further pressurized with 120 psig of 
ethylene. The autoclave was stirred at 50** for 30 minutes, then cooled and vented, the contents were dried 
under a stream of air. The weight of the polymer isolated was 44.7 g. The melting point oif the polymer was 
li7*'C and analysis by infra-red spectroscopy indicated that there were about 17 ethyl branches per 1000 
carbon atoms. 

EXAMPLE 24 

In this example, ethylene and 1-butene were copolymerized in a toluene diluent by adding under a nitrogen 
atmosphere to a 1 liter stainless-steel autoclave, previously flushed with nitrogen and containing 400 ml of dry, 
oxygen-free toluene. 50 ml of a catalyst solution in toluene containing 70 mg of bis(cyclopentadtenyl) hafnium 
dimethyl and 45 mg of N,N-dimethylanillnlum bis(7,8-dlcarbaundecaborato)cobaltate(III). 1-Butene (200 ml) 
was added to the autoclave, which vras further pressurized with 12- psig of ethylene. The autoclave was stirred 
at 50* for 20 minutes, then cooled and vented. The contents were dried under a stream of air. The yield of 
isolated polymer was 75.1 g. The melting point of the polymer vras 109° C and analysis by infra-red 
spectroscopy indicated that there were about 29 ethyl branches per 1000 carbon atoms. 

EXAMPLE 25 

In this example, ethylene was polymerized by reacting 66 mg of 1-bis(cyclopentadienyl)titana-3-dimethylslla- 
cyclobutane and 88 mg ot N.N-dimethylanilinium bis(7,8-dicarbaundecaborato) cotaltate(lll) in 25 ml of toluene 
In a serum-capped round-bottomed flask. The solution darkened on passage of ethylene through it. After 10 
minutes, the flask was opened and the contents diluted with ethanpL The polymer was filtered off, washed with 
ethanol and acetohe, and dried. The yieki of polyethylene Isolated was 0.09 g. 

EXAMPLE 29 

In this example, bthylene was polymerized by reacting 61 mg of 1-bis(cyclopentadienyl)zircona-3-dimethyl- 
silacyclobutane and 87 mg of N.N-dimethylanilinium bis(7.8-dicarbaunecaborato) cota(tate(lll) In 20 ml of 
toluene In a serum-capped round-bottomed flask. On passing ethylene through the solution, polymer 
precipitated as the solution grew warm. After 10 minutes, the vial was opened and the contents diluted with 
ethanol. The precipitate was filtered off, washed with ethanol. and dried. The yield of polyethylene isolated was 
1.41 g. 

EXAMPLE 27 

In this example, ethylene was polymerized by reacting 82 mg of 1-bis(cyclopen1adienyl)hafna-3-dimethylsila- 
cyclobutane and 88 mg of N.N-dimethylanilinlum bls(7,8-dlcarbaundecaborato) cobattate(lll) in 20 ml of 
toluene in a serum-capped round-bottomed flask. On passing ethylene through the solution, polymer 
precipitated as the solution grew hot. After 5 minutes, the flask was opened and the contents diluted with 
ethanol. The polymer was filtered off, washed with ethanol, and dried. The yield of polyethylene isolated was 
1.54 g. 

EXAMPLE 28 

In this example, ethylene was polymerized by reacting 67 mg of bis(cyclopentadienyl)zlrconium(2.3-di- 
methyl-1.3-butadlene) and 88 mg of N.N-dimethylanillnlum bis(7,8-dicarbaundecaborato) cobaltate(lll) in 50 ml 
of toluene in a serum-capped bottle. Ethylene was passed through the solution^ which gradually grew warm. 
After 15 minutes, the bottle was opened and the contents, diluted with ethanol. The polymer was filtered off, 
washed with ethanol, and dried. The yield of polymer isolated was 1.67 g. 

EXAMPLE 29 

In this example, ethylene was polymerized by reacting 40 mg of bis(cyclopentadienyl)hafnlum(2,3-dimethyl- 
1,3-butadlene) with 43 mg of .N,N-dimethylanlllnlum bis(7.8-dicarbaundecaboratd) cobaltate(lll) in 50 ml of 
toluene in a serum-capped bottle. Ethylene vvas passed through the solution, which became turbid within 30 
seconds. After 20 minutes, the bottle was opened and the contents diluted with ethanol. The solid polymer was 
filtered off, washed with ethanol, and dried. The yield of polyethylene isolated was 0.43 g. 
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EXAMPLE 30 

In this example, ethylene was potymerized by r^ctlng 55 mg of (pentamethylcyclopentadlenyt)(tetramethyl- 
eta'*-methylene -eta6-cyclopentadienyt)zlrc6nium phenyl and 45 mg of N^N-dlmethylanllln!um bfs(7.8-dicar- 
5 baundecaborato)cobaftate(lll) in 20 ml of toluene In a serum-capped roiind-bottomed flask. On passing 
ethylene through the solution, polymer formed almost Instantly and much heat was evolved. After 5 minutes, 
the flask was opened and the contents diluted with ethanol. The precipitate was filtered off, washed with 
acetonCi and dried. The yield of polyethylene isolated was 0.55 g. 

10 EXAMPLE 31 

In this example, ethylene was polymerized by rjeacting 80 mg of (pentamethylcydopentadienyl) (tetramethyl- 
cyclopentadienylmethyiene)hafn(um benzyl and 60 mg of N.N-dlmethylanilinlum bis(7.8-dlcarbaundiecabor- 
ato)cobaltate(III) in 50 ml of toluene in a serum-capped bottle. Ethyliene was passed through the solution for 10 
minutes. Polymer precipitated as the solution grew warm. The bottle was opened and the contents diluted with 
15 ethanol. The solid polymer was filtered off, washed with acetone, and dried. The yield of polyethylene isolated 
was 0.92 g. . 

EXAMPLE 32 

In this example, ethylene was polymerized by reacting 0.42 g of bis(trimethylsllylcyclopentadienyl)hafnlum 
20 dimethyl with 0.08 g N.N-dimethylanilinlum bls(7,8-dk;arbaundecaborato)cobaltate(lll) in 10 ml of toluene. A 
portion of this solution (0.4 ml) was injected under a pressure of 3000 bar of Isopar into an autoclave 
pressurized to 1500 bar with ethylene and heated to 160** . After 5 seconds the contents of the autoclave were 
discharged. Unear polyethylene (2.1 g) with a weight-average molecular weigiit of 144,000 and a molecular 
weight distribution of 2.9 was isolated. 

While the present invention has been described and illustrated by reference to particular embodiments 
thereof, it will be appreciated by those of ordinary skill in the art that the same lends itself to variations not 
hcessarily illustrated herein. For this reason, then, reference should be made solely to the appended claims for 
purposes of determining the true scope of the present invention. 
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Claims 



1. Method for preparing a catalyst comprising the steps of : 

35 (a) combining, in a suitable solvent or diluent, at least one first compound consisting of a 

bis(cyclopentad1enyl)metal compound containing at least one substituent capable of reacting wHb a 
proton, said ipetal being selected frorn the group consisting of titanium, zirconium and hafnium and 
at least one second compound comprising a cation, capable of donating a proton, and an anion 
containing a plurality of boron atoms which is bulky, labile and capable of stabilizing the metal cation 

40 f onned as a result of the reaction between the two compounds ; 

(b) maintaining the contacting in step (a) for a sufficient period of time to permit the proton 
provided by the cation of said second compound to react with said substituent contained In said 
metal compound; and 

(c) recovering an active catalyst as a direct product or as a decomposition product of one or more 
45 of said direct products from Step (b). 

2. Method according to Claim 1 wherein said bis(cyclopentadienyl)metal compound rhay be 
represented by the following general formulae: 

(A-.Cp)MXiX2 ^ <A-Cp)HL and/or 



50 (A-Cp>MXMX'2 (Cp*)(CpR)MXi 

Wherein: 

M is a metal selected from the group consisting of titanium (Ti). zirconium (Zr) and hafnium (Hf); (A-Cp) is 
either (Cp)(Cp^) or CP-A'-CP* and Cp and Cp* are the same or different substituted or unsubstituted 

55 cyclopentadienyi radicals, optionally two independently substituted or unsubstituted radicals; A' is a 

covalent briding group containing a Group IV-A element; L Is an olefin, diolefin or aryne ligand; Xi and X2 
are, independently, selected from the group consisting of hydride radtcals.hydrocarbyt radicals, 
substituted-hydrocarbyl radicals, optionally two kywer alkyi substituents or two hydrides, organo-metal- 
loid radicals and the like; X'l and X'2 are joined and bound to the metal atom to fomi a metallacycle, in 

60 which the metal, X'l and X'2 form a hydrocart>ocyclic ring containing from about 3 to afcK>ut 20 carbon 

atoms: and R is a substituent on one of the cyclopentadienyi radicals which Is also bound to the metal 
atom. 

3. Method according to Claim 1 or Qaim 2 wherein said second compound may be represented by one 
of the following general formulae: 
65 [L'-H][(CX)a(BXOmX"blc- 
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Wherein: 

L'-H Is either H + , ammonium or a substituted ammonium radical having up to 3 hydrogen atoms replaced , 
with a hydrocarbyi or substituted-hydrocarbyl radical, a phosphonium or substituted-phosphonium 
radical having up to 3 hydrogen atoms replaced with a hydrocarbyi or substituted-hydrocarbyl radical and 
the like; B and C are. respectively, boron and carbon; X, X' and X" are radicals selected. Independently, 
from the group consisting of hydride radicals, halide radicals, hydrocarbyi radicals, organo-metallold 
radicals and the like; a and b are integers ^ O; c is an Integer ^1;a + b + c = an even-numbered 
integer from 2 to about 8 ; and m is an Integer ranging from 5 to about 22; and/or 

IL'-Hl[II(CX3)8'(BX4)m'(X6)b']c'i2Mii+]ci- 
Whereln: 

L'-H is either K+ , ammontum or a substituted ammonium radical having up to 3 hydrogen atoms replaced 
with a hydrocarbyi or substituted-hydrocarbyl radical, a phosphonium or substltuted-phosphonium 
radical having up to 3 hydrogen atoms replaced with a hydrocart>yl or substituted-hydrocarbyl radical and 
the like; B, C, M and H are, respectively, boron, carbon, a transition metal and hydrogen; Xa. X4 and Xs are 
radicals selected, independently, from the group consisting of hydrkle radicals, halide radicals, 
hydrocarbyi radicals, organo-metallold radicals and the like; a' and b' are the same or a different integer 
2; 0; c' is an integer ^ 2; a + b' + c* « an even-numbered integerfrom 4 to about 8; m' is an Integer 
from 6 to about 12; n is an integer such that 2c' - n « d; and d is an integer 2: 1 . 

4. Method according to any of the preceding claims wherein the contacting of step (a) Is accomplished 
at a temperature within the range from about -100" C to al>out 300** Q preferably at from 0 to 45,000 psig. 

5. (Method according to any of the preceding claims wherein said second compound is represented by 
the general formula: 

IL'-H][(CH)ax(BH)bx]cx- 
Wherein: 

L'-H is either H+, ammonium or a substituted-ammonium optionally tri-substituted radical having up to 3 
hydrogen atoms replaced with a hydrocarbyi or substituted-hydrocarbyl radical, a phosphonium or 
substltuted-phosphonium radical having up to 3 hydrogen atoms replaced with a hydrocarbyi or 
substituted-hydrocarbyl radical and the like; B. C, and H are. respectively, boron, c^arbon and hydrogen; 
ax is either 0 or 1 ; cx is either 2 or 1 ; ax + cx = 2; and bx is an integer ranging from 10 to 12. 

6. I^ethod according to Claim 6 virtierein said second compound is selected from the group consisting 
of bisltri(n-butyl) ammonium) dodecaborate and tri(n-butyI)ammonium 1-carbaundeca or 1-carbadode- 
caborate and said first compound is selected from the group consisting of bis(pentamethyicyclopentadie- 
nyl)2irconium dimethyl, (pentamethylcyclopentadienyl) (cyclopentadlenyl)zirconium dimethyl, and 
[1 .3-bis<tnmethylsityl)cyclopentadienyi]zirconium dimethyl. 

7. Method according to any of Claims 1 to 4 wherein said second compound is represented by the 
following general formula: 

IL'-H][(CH)»y(BH)myHbvlcV- 
VSft^erein: 

L'-H is either H^-, ammonium or a substituted-ammonium. optionally tri-substituted, radical having up to 3 
hydrogen atoms replaced with a hydrocarbyi or substituted-hydrocarbyl radical, a phosphonium or 
substituted-phosphonium radical havingi up to 3 hydrogen atoms replaced with a hydrocarbyi or 
substituted-hydrocarbyl radical and the like; B. Cand H are, respectively, boron, carbon and hydrogen; ay 
is an integer from 0 to 2; by is an integer from 0 to 3; cy is an integerfrom 0 to 3; ay -I- by + cy « 4; and 
mx is an integer from 9 to 1 8. 

8. Method according to Claim 7 wherein said second compound is selected from the group consisting 
of tri(n-butyl) ammonium 7.8-dicarbaundecaborate and tri(n-butyl)ammonium tridecahydrido-7-carbaun- 
decaborate in which case preferably the first compound is bls(pentamethylcyclopentadlenyl)zirconium 
dimethyl and/or wherein L'-H is H+, preferably 7,8-dlcarbaundecaborane(13) or octadecaborane(22) in 
which case optionally said first compound Is selected from the group consisting of bis(pentamethycy- 
clopentadienyl)zirconium dimethyl and bis(ethyltetramethylcyclopentadlenyl)2irconlum dimethyl. 

9. Method according to any of Claims 1 to 4 wherein sM second compound may be represented by the 
following general formula: 

[L'-H]l[[(CH)az(BH)mzHbJc*-]2MZi«+]cte. 
wherein: 

L'-H is either H+. ammonium or a substituted ammonium radfcal having up to 3 hydrogen atoms replaced 
with a hydrocarbyi or substituted-hydrocarbyl radical, a phosphonium or substituted-phosphonium 
radical having up to 3 hydrogen atoms replaced with a hydrocarbyi or substituted-hydrocarbyl radical and 
the like; B, C, H and MZ are, respectively, boron, carbon, hydrogen and a transition metal; az is an integer 
from 0 to 2; bz is an integer from 0 to 2; cz is either 2 or 3; mz Is an integer from 9 to 11 : az + bz + 
cz «= 4; and nz and dz are, respectively, 2 & 2 or 3 & 1 . 

10. Method according to Claim 9 wherein said second compound is N.N-dimethylanillnium 
bls(undecahydrido-7.8-dicarbaundecaborato) cobaltate(lll) and/or wherein s^d first compound is 
selected from the groups consisting of 1-bis(cyclopentadienyl)titanla-3-dimethylsilacyclobutane, 
1-bi8(cyclopentadlenyl)zirconia-3-dimethylsnacyclobutane, and 1-bis(cyclopentadtenyl)hafna-3-dimethyt- 
silacyclobutane, bis(cyclopentadienyi) zirconium (2,3-dimethyM,3-butadlene) and bis(cyclopentadier^) 
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hafnium(2,3-dimethyl)-1,3-butadlene)» (pentamethylcyclopentadienyl) (tetramethytcyctopentadienytme- 
thytene)zirconiuni phenyl and (pentamethytcyclopentBdienyl) (tetramethylcyclopentadlenylme- 
thyleneihafnium benzyl; or wherein said second compound Is selected from the group consisting of 
N.N-dimelhylanirmium bis(7.8-dicarbaundecaborato)hickelate(lll) and N,N-dfmethylanilinlum bl8(7,8-dl- 
carbaundecaborato) ferFate(lll) in which case preferably said first compound Is bls(pentamethylcyclopen- 
tadienyl)zirconium dimethyl. 

11. Method for polymerizing an a-olefin, a dioiefin and/or an acetylenlcally unsaturated compound 
containing from 2 to about 18 carbon atoms either alone or in combination with one or more other 
monomers comprising the steps of : 

(a) contacting at a temperature within the range from, about -100° C to about 300^ C and at a 
pressure within the range from about 0 to about 45.000 psig. an olefin, diotefin and/or an 
acetylenically unsaturated monomer either alone or in combination with one or more other 
monomers in a suitable carrier, solvent or diluent with a catalyst prepared previously or In situ during 
polymerization by a method according to any of the preceding claims ; 

(b) continuing the contacting of step (a) for a sufficient period of time to polymerize at least a 
portion of said olefin; 

(c) recovering a polymer product. 

1 2. A catalyst prepared by a method according to any of Claims 1 to 1 0. 

1 3. Polyolefin produced in accordance with the method of claim 11. 

14. Composition of matter containing compounds represented by the following general formula: 
(A-Cp)MXiB' 

Wherein: 

M is a metal selected from the group consisting of titanium (Ti). zirconium (2r) and hafnium (Hf) ; ( A-Cp) is 
either (Cp)(Cp*) or CP-A'-Cp* and Cp and Cp* are the same or different substituted or unsubstituted 
cyclopentadienyl radicals; A' is a covalent bridging group containing a Group IV-A element; Xi Is selected 
from the group consisting of hydride radicals, hydrocarbyl radicals, organo-metalloid radicals and the like; 
and B' is a compatible non-coordinating anion which way be represented by one of the following general 
formulae: 

[(CX)«(BX')mX"blc- 
vi/hereln: 

B and C are, respecliveiy, boron and carbon; X and X' and X" are radicals selected, Iridependently. from 
the group consisting of hydride radicals, haiide radicals, hydrocarbyl radicals, organo-metallold radicals 
and the like ; a and b are integers ^ 0; c is an integer ^ 1 ; 

a + b + c » an everwiumbered Integer from 2 to about 8; and m Is an integer ranging from 5 to about 22; 
and34 

[II(CXs)r(BX4)m'(X6)b^]c--]2Mn+]cl- 
Whereln: i 

B. C and M are. respectively, boron, carbor> and a transition metal; Xs. X4 and Xe are radicals selected, 
independently, from the group consisting of hydride radicals, haiide radicals, hydrocarbyl radicals, 
organo-metallold radicals and the like; A' and b' are the same or a different integer 2; ,0; C Is an Iriteger ^ 
2; a' + b' + c' B an even-numbered integer from 4 to about 8; m' Is an integer from iB to about 12; n is an 
integer such that 2c' - n -> d; and d Is an Integer ^1. 

15. Composition of matter according to Claim 14 wherein (A-Cp) is a bis(peralkyl-substituted 
cyclopentadienyl); X Is an alky] group ; B' is (dodecBhydrldo-7.8-dicarbaundecaborato) and M Is 
zirconium and wherein each of the alkyi groups in the peralkyhsubstltuted cyclopentadienyl radtoals are. 
independently. C1-C20 alkyi radicals and the alkyt group is a C1-C20 alkyI radical, the peralkyi substttutkm 
being preferably pentamethyi or ethyltetramethyl and the alkyi radical being preferably a methyl radical. 
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